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Tioconazole (UK-20,349), a new antifungal imidazole derivative, was compared
with miconazole for activity in vitro against Candida spp., Torulopsis glabrata,
Cryptococcus neoformans, Aspergillus spp., and dermatophyte fungi (Trichophy-
ton spp. and Microsporum spp.). Tioconazole was more active than miconazole
against all the fungal species examined except Aspergillus, against which both
agents showed similar activity. Both tioconazole and miconazole inhibited the
growth of all fungi examined at concentrations well below their quoted minimum
inhibitory concentrations. Their activity against fungi in vivo was investigated in
mice infected systemically with Candida albicans. Both agents significantly
reduced the numbers of viable Candida cells recoverable from the kidneys of
infected animals, with tioconazole producing a generally more marked reduction.
After administration of a single oral dose (25 mg/kg) to beagle dogs or white mice,
higher and more sustained circulating levels of bioactive drug were detectable of
tioconazole than of miconazole. These observations suggest that tioconazole may
have potential in the treatment of both superficial and systemic mycoses in
humans.

Superficial fungal infections caused by der-
matophytes and yeasts are common clinical
problems. Some infections of the vagina and
glabrous skin are treated satisfactorily by topical
therapy with a variety of agents, and some der-
matophyte infections are treated by oral therapy
with griseofulvin (2, 10). The newer imidazole
antifungal drugs, clotrimazole and miconazole,
possess a very broad spectrum of antifungal
activity (13, 14, 17, 19, 22), and resistance to
them is rare (13). Their proven efficacy has led
to their widespread acceptance for topical use
(5, 8,9,23).

Systemic fungal infections, e. g., coccidioido-
mycosis, blastomycosis, and histoplasmosis, are
much less common and tend to be restricted to
specific parts of the world. However, systemic
mycoses in the compromised host, especially in
patients undergoing immunosuppressive or can-
cer therapy, are an increasing problem (13). The
opportunistic fungus is most commonly a species
of Candida or Aspergillus, and the infection is
frequently life threatening. The choice of ther-
apy is limited, with amphotericin B, introduced
in 1955, still the drug of choice in spite of the
frequency and severity of side effects resulting
from its use (1, 4). The only other agent of
significance is 5-fluorocytosine which has a lim-
ited spectrum of antifungal activity, and its use
in therapy frequently leads to the emergence of
resistant strains (13, 18). Clotrimazole and mi-

conazole have been evaluated in the treatment
of systemic mycoses, each with limited success
(6, 7, 11, 13, 15, 20, 24). Orally administered
clotrimazole is frequently associated with gas-
trointestinal intolerance (13, 14, 24) and, since
parenteral formulations are not available, its
value in systemic therapy is severely limited.
Miconazole appears to be better tolerated (3, 13)
and is showing some promise in the therapy of
systemic mycoses when administered either
orally or parenterally (6, 11, 13, 16, 20, 21).
The purpose of this paper is to describe the in

vitro and in vivo antifungal properties of tiocon-
azole, a new 1-substituted imidazole derivative
(Fig. 1), in comparison with those of the now
widely used agent miconazole.

MATERIALS AND METHODS
Compounds. Tioconazole was synthesized at Pfizer

Research Laboratories, Sandwich, Kent, U.K. The
compound was isolated as the hydrochloride salt. Mi-
conazole nitrate was a laboratory sample (batch L97/
1) generously supplied by Janssen Pharmaceutica,
Beerse, Belgium. Concentrations of both compounds
are expressed in terms of base.

Fungi. Organisms used in this study were clinical
isolates, the majority of which were collected since the
beginning of 1976.
Assessment of the effect of different media on

antifungal activity. The effect of four different agar
media on the antifungal activity of tioconazole and
miconazole was assessed before selecting the one most
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FIG. 1. Structures of tioconazole and miconazole.

suitable for use in minimum inhibitory concentration
(MIC) determinations. Commercially available Sa-
bourand dextrose agar (SDA; London Analytical and
Bacteriological Media Ltd.), diagnostic sensitivity test
agar (Oxoid Ltd.), and yeast morphology agar (Difco
Laboratories) were made up according to the manu-
facturers' directions, and yeast nitrogen base medium
was prepared according to the formula of Shadomy
(18). A method similar to that described by Hoeprich
and Huston (12) was used for measuring antifungal
activity. The liquid agar media (125 ml) were seeded
with Candida pseudotropicalis (C84) and poured into
separate flat glass assay plates (30 by 30 cm). Standard
solutions of tioconazole and miconazole were prepared
in 0.1 M phosphate buffer (pH 7) and placed in stain-
less-steel cups (6-mm internal diameter, 0.3-ml total
volume), which were positioned on the surface of the
seeded agar. The plates were incubated for 24 h at
370C, and the zones of inhibition of growth were
measured and compared for the different media.

Determination of MIC. MICs were determined
using a standard agar plate technique. The compounds
were dissolved in dimethyl formamnide, and water was
added to give a final compound concentration of 1 mg/
ml in 10% dimethyl formamide-water. From this so-

lution, serial twofold dilutions of the compounds in
water were incorporated into diagnostic sensitivity test
agar over an appropriate concentration range (nor-
mally 100 yg/ml down to 0.01 jig/ml). Organisms were
inoculated onto the surface of the agar, using a mul-
tipoint inoculator (Denley Instruments) which deliv-
ers approximately 1 id of the fungal inoculum. The
temperature and duration of incubation varied with
the different fungi, as did the preparation and stan-
dardization of ifocula.

Candida spp., Torulopsis glabtata, and Cryptococ-
cus neofomnans were grown overnight at 370C in brain
heart infusion broth (Difco Laboratories). The concen-
tration of cells in the culture was determined in a
hemocytometer and then appropriately diluted in
broth to10 cells per ml. MICs were read after incu-
bation at 370C for 48 h.

Inocula of dermatophyte fungi were prepared from
a 5- to 10-day growth of the organism on SDA. The
dermatophyte mycelium was scraped from the agar
and macerated in brain heart infusion broth using an

overhead-drive homogenizer. The inoculum was stan-
dardized by turbidimetry, diluting as appropriate with
brain heart infusion broth (final light transmission

reading on an absorptiometer [Evans Electroselenium
Ltd.] was 65%). MICs were read after incubation at
280C for 6 days.

For Aspergillus spp., a spore suspension was pre-
pared by washing off the spores from a 2- to 5-day
growth of the organism on SDA with saline. The
concentration of spores was determined with a hemo-
cytometer and diluted to 106 spores per ml with brain
heart infusion broth. MICs were read after incubation
at 370C for 48 h.

In all cases the MIC was that concentration of
compound which totally suppressed visible growth of
the organism.
Determination ofthe effect on Candida spp. of

concentrations below the MSC. Agar plates con-
taining different concentrations of tioconazole were
inoculated as described in the procedure for determin-
ing MICs and incubated at 370C for 48 h, and the MIC
end point was recorded. The areas of fungal growth
and the inoculated areas from plates where no growth
was visible were excised from the plates and homoge-
nized in brain heart infusion broth (0.9 ml). The num-
ber of viable cells present was determined by colony
counting after plating out serial 10-fold dilutions of
the broth onto diagnostic sensitivity test agar plates
and incubating at 370C for 48 h.

Experimental Candida infectious In mice. Spe-
cific-pathogen-free female mice of weight range 18 to
22 g (A. Tuck and Son Ltd., Essex, England) were
used in these studies. The inoculum was prepared
from saline washings of an overnight growth of C.
albicans (strain 44) on an SDA plate. These washings
were standardized by turbidimetry to approxinately
2.5 x 106 celLs per ml. Mice wete inoculated via the
tail vein With 0.2 ml of this suspension. Tioconazole
and miconazole, suspended by sonicition in 0.1 M
phosphate buffer (pH 7) containing 10% Cremophor
EL (BASF, Ludwigshaven, Germany), were adminis-
tered orally, subcutaneously, or intravenously 1 and 4
h postinfection. Groups of five mice from each treat-
ment group, and five infected control mice, were sac-
rificed 24 and 48 h postinfection. Kidneys were re-
moved, pooled in the appropriate gr6ups of five,
weighed, and homogenized in saline (5 ml). Serial 10-
fold dilutions of the homogenate were plated out on
SDA plates and incubated at 370C for 48 h. The
colonies of Candida were cqunted, and the number of
viable Candida cells per gram of kidney timue was
calculated.
Pharmacoinetic studies in dogs and mice.

Male beagle dogs, from an in-house breeding colony,
and specific-pathogen-free fenale mice (A. Tuck and
Son Ltd.) were used in these studies. The dogs were of
average weight 15 kg (range, 14.0 to 16.5 kg), and the
mice were of average weight 20 g (range, 18 to 22 g).
All animals were fasted for 18 h before, and for the
duration bf, an eperiment. Water was freely available
at all times. Tioconazole or miconazole was adminis-
tered by gavage as a suspension (10 ml per dog and 0.4
ml per mouse) in 10% Cremophor EL-0.1 M phosphate
buffer, pH 7.0, at a dose level of 25 mg/kg of body
weight. After dosing of dogs, blood samples (5 ml)
were withdrawn at intervals from the saphenous vein
of a rear leg via a cannula. Serum was separated by
conventional procedures. Bladder urine was obtained
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by catheter except for final samples (6 to 24 h post-
dose), which were free-voided while the dogs were
housed overnight in metabolism cages.

Serial blood samples (20 pl), collected in heparinized
capillary tubes, were obtained from each mouse by
orbital sinus puncture at intervals up to 6 h after
dosing. Unrne samples were collected from separate
groups of similarly dosed mice, housed in metabolism
cages.

Samples of dog serum and urine and mouse blood
and urine were analyzed for tioconazole or miconazole
concentrations by bioassay.

Bioassay procedure. A standard agar plate bioas-
say technique was used for measuring the concentra-
tions of tioconazole and miconazole in serum, blood,
and urine. The indicator organism C. pseudotropicalis
(C84) was grown on yeast morphology agar (125 ml)
in flat, glass dishes measuring 30 by 30 cm. Standard
solutions of tioconazole and miconazole, covering a
range of concentrations from 0.39 to 12.5 ug/ml, pre-
pared in normal dog serum, in heparinized mouse
blood, or in 0.1 M phosphate buffer (pH 7.0) in lieu of
urine, were used for references purposes. For estima-
tions of tioconazole and miconazole concentrations in
dog'serum or urine, 0.3 ml of test samples or standards
was placed in 6-mm-internal diameter stainless-steel
cups on the surface of the seeded agar. For estimations
in mouse blood or urine, 20-jl test samples of both
unknowns and standards were placed in 6-mm-diam-
eter wells cut in the seeded agar. Plates were incubated
overnight at 28°C, aizd the zones of inhibition of
growth were measured. A calibration curve of mean
inhibition zone diameter against log concentration was
constructed from results obtained with standard so-

lutions. The concentration of antifungal agent in each
test sample was obtained by referring the mean inhi-
bition zone diameter to this calibration curve.

RESULTS

Influence of the growth medium on anti-
fumgal activity. The largest zones of inhibition
of C.pseudotropicalis (C84) for both tioconazole
and miconazole were obtained in diagnostic sen-
sitivity test agar; the smallest were obtained in

SDA. Hoeprich and Huston (12) reported simi-
lar observations on the activity of miconazole in
SDA and yeast nitrogen base agar. Diagnostic
sensitivity test agar was selected for testing the

susceptibility of fungi to tioconazole and micon-
azole, because, of the media studied, it was least
antagonistic to these agents and was nutrition-
ally adequate for a wide variety of fungi.
Antifungal activity in vitro. The data in

Table 1 show that tioconazole was more active
than miconazole against Candida spp., Crypto-
coccus neoformans, T. glabrata, Trichophyton
spp., and Microsporum spp. The two imidazoles
were essentially e'qually active against Aspergil-
lus spp. Both compounds effected significant
levels ofgrowth inhibition at concentrations well

below the MIC. For example, the growth of C.
albicans (C66) was inhibited by 70% at a con-
centration of 0.2 ,g of tioconazole per ml. The
MIC against this strain was 6.2 ,g/ml, at which
more than 99.9% inhibition of growth occurred.
Similar effects were observed with both tiocon-
azole and miconazole for all the species of fungi
examined.

C. albicans infection in mice. After intra-
venous administration of a C. albicans suspen-
sion to mice, the predominant site from which
viable Candida cells can be isolated from the
infected animals at 24 and 48 h postinfection is
the kidney (unpublished data). Substantially
more viable cells can normally be recovered after
48 h than after 24 h, indicating that the organism
multiplies at this site.

In the experiments summarized in Table 2, 8.6
x 105 to 1.4 x 106 Candida celLs per g of kidney
tissue were recovered from untreated control
mice at 24 h postinfection, and 7.2 x 106 to 9.4
x 106 Candida cells per g of kidney tissue were
recovered at 48 h. Tioconazole or miconazole,
when administered orally, subcutaneously, or
intravenously to infected mice, significantly re-

TABLE 1. Activity in vitro of tioconazole and miconazole against yeasts, Aspergillus spp., and
dermatophyte fungi

MIC (pg/ml)
Fungi No. of

isolates Tioconazole Miconazole
[GM' (range)] [GM' (range)]

Candida albicans 11 4.7 (1.6-12.5) 15.5 (6.3->25)
Candida spp. 7 0.7 (<0.01-6.3) 3.0 (<0.01-25)
Cryptococcus neoformans 3 0.1 (0.01-0.4) 0.7 (0.5-0.8)
Torulopsis glabrata 3 0.06 (0.05-0.07) 1.0 (0.8-1.1)
Aspergillus fumigatus 3 5.7 (3.1-9.4) 6.2 (3.1-12.5)
Aspergillus spp. 3 4.9 (3.1-6.2) 4.9 (3.1-6.2)
Trichophyton mnentagrophytes 2 0.1 (0.08-0.18) 0.7 (0.6-0.9)
Trichophyton rubrum 2 0.5 (0.5) 1.7 (1.6-1.9)
Microsporum canis 2 0.4 (0.3-0.5) 1.7 (1.6-1.8)
Microsporum gypseum 1 0.5 1.6

a GM, Geometric mean of MICs.
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TABLE 2. Effect of tioconazole and miconazole on the recovery of viable Candida cells from the kidneys of
infected mice

Recovery of Candida (% of control)b
Dose' RouteiMoconazole Miconazole
(mg/kg) Route

24 h 48 h 24 h 48 h

100 Oral <0.5 + 0.1 3.0 ± 1.7 <1.0 ± 0.4 7.9 ± 3.3
50 Oral 4.5 ± 2.9 11.1 ± 5.0 14.7 ± 8.8 5.0 ± 3.2
25 Oral 7.3 ± 1.6 35.8 ± 20.9 69.0 ± 25.4 26.6 ± 9.8

100 Subcutaneous 0.8 ± 0.3 2.4 ± 0.5 2.8 ± 0.6 5.5 ± 0.6
50 Subcutaneous 1.1 ± 0.6 6.0 ± 2.1 3.3 ± 1.7 16.6 ± 7.9
25 Subcutaneous 1.4 ± 0.8 41.5 ± 26.8 7.8 ± 5.4 52.0 ± 34.1

50 Intravenous 3.3 ± 1.9 1.9 ± 0.9 4.0 ± 1.5 9.6 ± 0.8
25 Intravenous 10.7 ± 0.2 7.5 ± 2.9 34.9 ± 26.6 90.3 ± 6.9
12.5 Intravenous 72.1 ± 22.8 6.0 ± 2.4 55.2 ± 12.1 52.9 ± 33.5

a Mice were given the doses stated at 1 and 4 h postinfection.
b Values are the means ± standard error of three experiments at 24 h and two at 48 h. The number of viable

Candida cells in the kidneys was determined at 24 and 48 h postinfection and expressed as a percentage of the
number recovered from untreated control mice.

duced the number of viable cells recoverable 6- Mean peak concentrtions
from the kidneys. The magnitude of the reduc- Tioconazole 4r8,g/mi
tion was generally greater at 24 h than at 48 h Miconazole = 06 ,ug/ml
postinfection and was dose related in the major- 1 S.E.M
ity of cases. Overall, effects of tioconazole were 5 0-
more pronounced than those of miconazole by
all three routes of administration.
Pharmacokinetics in dogs and mice. As _

the data presented in Fig. 2 show, there were E4.0\
striking differences in the concentrations of tio-
conazole and miconazole in the sera of dogs after c
oral administration of doses of 25 mg/kg. Serum °a
concentrations of both compounds peaked 2 h 30Tioconzole
after dosing, but at 4.8 ,ug/ml for tioconazole and ' 3 0
0.6 jig/ml for miconazole. At 6 h after dosing the c
concentrations of these agents were 2.2 and 0.3 \
,tg/ml, respectively. Less than 0.1% of the ad- E90 2-0ministered dose of either tioconazole or micon- 2
azole was excreted in the urine over a period of

LO

24 h after dosing.
The concentrations of tioconazole in blood of

mice receiving 25mg/kg orally were significantly 1
higher than those of miconazole, but the differ- l
ence in both peak and sustained levels was less Miconazole
striking than that observed in dogs (Fig. 3). Peak
concentrations were 2.1 ,ug/ml for tioconazole 0-
and 1.4 j,g/ml for miconazole. As with dogs, less 0 1 4
than 0.1% of the administered doses of either FIG. 2. Time after dosing (hours)
compondwaexceted n th urin ove a

FI. 2.Serum concentrations of tioconazoke and
compound was excreted in the urine over a miconazole in dogs after oral dosing at 25 mg/kg.
period of 24 h after dosing. SEM, Standard error of the mean. Values are the

means of three dogs for tioconazole and six dogs for
DISCUSSION miconazole.

Tioconazole (Fig. 1), a new 1-substituted im-
idazole derivative, has exhibited significant in- potent than miconazole against Cryptococcus
hibitory activity in vitro against yeasts, Asper- neoformans, T. glabrata, and dernatophytes.
gillus spp., and dermatophytes. Against Can- AgainstAspergillus spp., tioconazole and micon-
dida spp. it is approximately fourfold more ac- azole exhibit similar activity.
tive than miconazole. Tioconazole is also more Both agents partially inhibit the growth of all
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Time after dosing (hours)

FIG. 3. Blood concentrations of tioconazole and
miconazole in mice after oral dosing at 25 mg/kg.
SEM, Standard error of the mean. All values are the
means obtained from 18 mice.

the fungi tested at concentrations below their
recorded MICs. From the quantitation of this
effect against Candida isolates it is evident that
inhibition is considerable and remains signifi-
cant at concentrations approximately 30-fold
less than the MIC. Inhibition of fungi by micon-
azole at concentrations below the MIC has also
been reported by other workers (22). In view of
its activity in vitro, appropriate formulations of
tioconazole should prove to be clinically effective
when applied topically in the treatment of su-
perficial infections caused by dermatophytes
and yeasts. Early clinical data on a topical for-
mulation of tioconazole supports this conclusion
(T. Fredriksson, Program Abstr. Intersci. Conf.
Antimicrob. Agents Chemother., 18th, Atlanta,
Ga., Abstr. 100, 1978).

Evidence of systemic antifungal activity has
been obtained with tioconazole in mice infected
intravenously with C. albicans. In this model,
tioconazole significantly reduces the number of
viable Candida cells recoverable from the kid-
neys in a dose-dependent manner. Miconazole
exhibits a similar, but less pronounced, effect. In
humans, miconazole has been used with some
success, principally by the intravenous route, in
the treatment of systemic mycoses caused by
Candida spp. and other fungal pathogens (6, 11,
13, 16, 20, 21). The generally greater potency of

tioconazole against fungi in vitro and its activity
against Candida in the mouse model suggest
that it may be more effective than miconazole
in the treatment of human systemic mycoses.
The pharmacokinetic properties of tiocona-

zole after oral administration, as judged by con-
centrations in the blood or serum, are encour-
aging, particularly in dogs. If this important
property translates to humans, it offers the po-
tential of antifungal therapy using the oral route
of administration. As a first step in evaluating
this possibility, oral pharmacokinetic and toler-
ance studies in human volunteers are planned.

ACKNOWLEDGMENTS
We thank S. Rozze, G. W. Pye, and R. J. Andrews for

excellent technical assistance.

LITERATURE CITED
1. Andriole, J. T., and H. M. Kravetz. 1962. The use of

amphotericin B in man. J. Am. Med. Assoc. 180:269-
272.

2 Blank, H., J. G. Smith, Jr., and N. Zaias. 1959. Griseo-
fulvin for the systemic treatment of dermatomycoses.
J. Am. Med. Assoc. 171:2168-2173.

3. Brugmans, J., J. Van Cutsem, J. Heykants, V.
Schuermans, and D. Thienpont. 1972. Systemic an-
tifunal potential, safety, biotransport and transforma-
tion of miconazole nitrate. Eur. J. Clin. Pharmacol. 5:
93-99.

4. Burgess, J. L., and R. Birchall. 1972. Nephrotoxicity of
amphotericin B, with emphasis on changes in tubular
function. Am. J. Med. 53:77-84.

5. David, L. M., N. K. Veien, J. D. Schmidt, W. Murti-
shaw, and E. B. Smith. 1973. Topical clotrimazole in
dermatophytosis. Curr. Ther. Res. 15:133-137.

6. Deresinski, S. C., R. B. Lily, H. B. Levine, J. N.
Gagliani, and D. A. Stevens. 1977. Treatment of
fungal meningitis with miconazole. Arch. Intern. Med.
137:1180-1185.

7. Evans, E. G. V., D. A. Watson, and N. R. Matthews.
1971. Pulmonary aspergillomata in a child treated with
clotrimazole. Br. Med. J. 4:599-600.

8. Fredrikason, T. 1972. Topical treatent with Bay b 5097,
a new broad spectrum antimycotic agent. Br. J. Der-
matol. 86:628-630.

9. Fulton, J. E., Jr. 1975. Miconazole therapy for endemic
fungal disease. Arch. Dermatol. 111:596-598.

10. Goldman, L, J. Scharz, R. H. Preston, A. Beyer, and
J. Loutzewhiser. 1960. Current status of griseofulvin.
J. Am. Med. Assoc. 172:532-538.

11. Hoeprich, P. D., and E. Goldstein. 1974. Miconazole
therapy for coccidioidomycosis. J. Am. Med. Assoc.
230:1153-1157.

12. Hoeprich, P. D., and H. C. Huston. 1976. Effect of
culture media on the antifungal activity of miconazole
and amphotericin B methyl ester. J. Infect. Dis. 134:
336-341.

13. Holt, R. J. 1974. Recent developments in antimycotic
chemotherapy. Infection 2:95-107.

14. Mahgoub, E. S. 1972. Laboratory and clinical experience
with clotrimazole (Bay b 5097). Sabouraudia 10:210-
217.

15. Marget, W., and D. Adam. 1971. Bay b 5097, a new
orally applicable antifungal substance with broad spec-
trum activity. Acta Paediatr. Scand. 60:341-345.

16. Negroni, R., P. Rubenstein, A. Herrmann, and A.
Gimenez. 1977. Results of miconazole therapy in

VOL. 15, 1979



602 JEVONS ET AL.

twenty-eight patients with paracoccidioidomycosis
(South American blastomycosis). Proc. R. Soc. Med.
70(Suppl. 1):24-28.

17. Schar, G., F. H. Kayser, and M. C. DuPont. 1976.
Antimicrobial activity of econazole and miconazole in
vitro and in experimental candidiasis and aspergillosis.
Chemotherapy 22:211-220.

18. Shadomy, S. 1969. In vitro studies with 5-fluorocytosine.
Appl. Microbiol. 17:871-877.

19. Shadomy, S., L. Paxton, A. Espinel-Ingroff, and H.
J. Shadomy. 1977. In vitro studies with miconazole
and miconazole nitrate. J. Antimicrob. Chemother. 3:
147-152.

20. Stevens, D. A., EL B. Levine, and S. C. Deresinski.
1976. Miconazole in coccidioidomycosis. II. Therapeutic

ANTIMICROB. AGENTS CHEMOTHER.

and pharmacological studies in man. Am. J. Med. 60:
191-202.

21. Symoens, J. 1977. Clinical and experimental evidence on
miconazole for the treatment of systemic mycoses: a
review. Proc. R. Soc. Med. 70(Suppl 1):4-8.

22. Van Custem, J. M., and D. Thienpont. 1972. Micona-
zole, a broad-spectrum antimycotic agent with antibac-
terial activity. Chemotherapy 17:392-404.

23. Wallenburg, H. C. S., and J. W. Wladimiroff. 1976.
Recurrence of vulvovaginal candidosis during preg-
nancy. Comparison of miconazole vs. nystatin treat-
ment. Obstet. Gynecol. 48:491-494.

24. Weuta, Von H. 1974. Klinische Erfahrungen mit der
systemischen Verabreichung von Clotrimazol. Arzneim.
Forsch. 24:540-544.


